This paper discusses descriptive statistics on U.S. equity Alternative Trading Systems (ATSs, some of which are referred to as "dark pools").
Trading on ATSs regularly comprises 10-15% of U.S. equity trading volume. 4 However, academic and public understanding of ATSs lags that of traditional exchanges partially due to a lack of publicly available data on ATSs. 5 Using a five-day sample of regulatory data from May 7-11, 2012, this paper discusses summary statistics on ATS participation in the trading of National Market System (NMS) stocks, including common stocks and many exchange-traded products (ETPs).
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Summary of main findings:
• 35 broker-dealer firms operate 44 ATSs that actively trade NMS stocks.
• ATSs execute an estimated 11.31% of NMS dollar volume, and 12.12% of NMS share volume.
• The distribution of reported trade 7 sizes on dark ATSs 8 is remarkably similar to that observed on traditional exchanges.
• The five ATSs with average order sizes exceeding 1,000 shares collectively comprise 2.94% of ATS dollar volume and 3.01% of ATS share volume. • 1.11% of ATS orders receive at least a partial fill, and 0.69% of shares routed to an ATS are filled.
• For all market-capitalization groups of stocks, at least 10% of trading dollar volume (11.37% of share volume) is attributable to ATSs, with the largest market share occurring in medium capitalization stocks (12.30% of dollar volume and 12.86% of share volume).
• 7.39% of ETF dollar volume and 8.49% of ETF share volume is executed on ATSs as opposed to 12.83% of the dollar volume and 12.80% of the share volume in other NMS stocks. 4 See for example http://www.bloomberg.com/news/2012-03-01/dark-pools-capture-record-share-of-declining-us-equity-volume.html. 5 See for example Buti, Rindi and Werner (2011) , who discuss the limited academic research on dark pools.
(http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1630499). 6 The legal definition of "NMS stocks" includes ETPs. Most ETPs in the sample are exchange-traded funds (ETFs), but the sample includes other exchange-traded products as well. See 17 CFR 240.600(b)(47) (defining "NMS stock" as any NMS security other than an option); 17 CFR 240.600(b)(46) (defining "NMS security" as any security or class of securities for which transaction reports are collected, processed, and made available pursuant to an effective transaction reporting plan, or an effective national market system plan for reporting transactions in listed options). 7 Throughout this document, I use "fill" to denote an execution in association with the order that generated it. A "trade" is an execution event involving multiple fills and is considered in isolation of the orders that generated it. For example, two resting buy orders for 100 shares each may cross with a 200 share sell order. This generates three or four fills, depending on whether the sell-side fills are aggregated before reporting. One or two trades will be reported to the consolidated tape totaling 200 shares. 8 The subsample of dark ATSs excludes Electronic Communication Networks ("ECNs") where possible because they distribute top of book information and are therefore considered to be lit venues for the purpose of this analysis.
I. Description of Data and Data Limitations
Generally only limited data on ATSs is publicly available. Although some data vendors provide subscription sources of information on ATS trading, these data vendors rely on self-reported data and sometimes include venues in their analyses that may generally be regarded as dark pools but are excluded from this analysis because they do not file Form ATS-R
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. Furthermore, the information provided by commercial sources is limited in scope. Generally, information on order characteristics, activity levels in the cross section of stocks, and fill rates is not available to commercial data vendors or the public. have no reason to believe that these venues have order flow that is characteristically different from the venues with ATS data represented in our sample. 14 The data for the 11.30% of ATS volume that I cannot identify is likely to be present within OATS, but possibly results from certain intra-firm transfer events that are excluded from OATS reporting requirements. 15 These numbers are not adjusted for double-counting. Generally, all ATS executed transacted dollar volume within OATS is double-counted; two 100-share orders (one seeking to buy, the other seeking to sell) will generate a 100-share trade and result in two 100-share execution (fill) reports in OATS. However, two resting orders of 100 shares may cross with a single 200 share order, creating three order and execution fill records, of which one or two (of total size 200 shares) will be reported to the consolidated tape through the trade reporting facility (TRF).
Choosing to report only the buy or sell side of trades would allow me to arrive at single-counted order and execution numbers, but would possibly bias order and trade size results depending on whether large orders tended to be buys or sells during the sample week. I adjust for this double-counting in calculations of ATS market share of trading by halving executed transacted dollar or share volumes reported in OATS. On exchanges, only one side of a reportable trade reports to the consolidated tape, avoiding this double-counting.
and market share at a point in time, but does not allow me to examine changes in these metrics over time 16 or the evolution of NMS structure in response to market and regulatory changes. 19 Order types of cancel, desk, combined order/routing, and routing are excluded from consideration of orderreceiving events. When market participant A routes an order to ATS B, two records are generated within OATS. One routing message is submitted by A and one order received message is submitted by B. I focus the ATS order identification methodology on the messages generated by ATS B. 20 As a robustness check, I implement a second definition of ATS orders that includes only the first ATS order in a parent-child order chain (see Appendix A). This alternate definition excludes all routes between ATSs, as well as all order modifications occurring on ATSs. 72.41% of ATS orders qualify for inclusion in this sub-sample. Generally, order characteristics are largely unchanged. However, there are significant differences across venues in the proportion of orders and executions that this excludes from the subsample. Some large venues have over 97% of their sample retained in this alternate definition, while other large venues have their sample reduced by 90%. I am unable to determine if this is due to differences in how order modification is accomplished on these venues (some may lack a formal cancel/replace order type), or whether it is due to differences in routing activity between ATSs. 21 Price and volume information is required to assign securities to pre-determined price and average daily dollar volume groups elsewhere in the analysis. Share class information is needed to differentiate the trading of securities with multiple share classes in OATS.
II. Overview of ATSs
In the second quarter of 2012, 90 ATSs were registered with the Commission; 21 reported no volume information and appeared to be inactive. In Table 1 , I describe the traded asset classes and activity level of the 69 active ATSs using information from 2012Q2 Form ATS-R filings.
Of the 69 active ATSs, 45 trade in NMS stocks. While the majority of ATSs transact in stocks, the notional value of derivatives transacted on ATSs comprises 51.04% of ATS dollar volume. 22 Fixed income securities and credit instruments comprise 44.86% of ATS dollar volume, and NMS stocks comprise 4.05% of ATS dollar volume. No other category accounts for more than 0.04% of ATS dollar volume.
Table 1: Activity Level of Active ATSs by Asset Class
The remainder of this paper focuses on the trading of NMS stocks on ATSs. There are 13 national exchanges that trade NMS stocks. In addition to these traditional trading venues there are 44 operational ATSs that transact in NMS stocks; three of these were classified as ECNs. 23 The 44 22 Venues that trade derivative or credit / fixed income securities often trade multiple classes of assets.
Furthermore, there is some overlap between these asset classes; for instance, a credit security may also be a derivative security. Consequently, my assignment of venues to these classifications is somewhat subjective. 23 ECNs publicly display their top-of-book price and depth information and are therefore not considered to be dark pools. They are ATSs, however, and I include them in the data analysis. I estimate that these lit venues comprise 11.42% of ATS dollar volume using 2012Q2 Form ATS-R filings. Three ATSs operate as electronic communications networks (ECNs), which display quotations in NMS stocks in the national market system. However, a majority of ATSs that trade NMS stocks do not display quotations. These ATSs are colloquially known as "dark pools," although some of them may not be completely dark, because they may provide information about orders in their systems to select market participants but not to the general public.
III. Overall and Venue Market Shares
In this section, I estimate that over 11% of dollar volume in NMS stocks is transacted on ATSs, and document the significant market share variation across venues. 
IV. Order and Fill Sizes
Popular press and academic articles sometimes describe ATSs as venues used by institutions to trade blocks. Table 3 shows statistics for the five venues that have average order sizes that exceed 1,000 shares, which I refer to as "Large Order Venues". On these venues, the average aggregate fill size exceeds the average order size.
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Collectively these large-order venues represent 2.94% of ATS dollar volume (3.01% of share volume). which contain execution data from all exchanges and the TRF. 34 When an order generates multiple fills, the aggregate size of all fills associated with the order is defined as "aggregate fill size". Consideration of fill sizes in aggregate allows comparison of order size and the trading activity that resulted from placing the order. Fill size is presented fully disaggregated in Figure 2 for comparison with exchange trade sizes. 35 This can occur when certain counterparties tend to require large minimum fill sizes, but the venue does not restrict incoming order size. For example, assume institutions place large orders and specify that they will not accept fills below 5,000 shares. The venue may receive many 100 share orders which could interact with the institutional order, were it not for the minimum fill size specified by the institutional customer. In this case, the average order size may be smaller than the average fill size. 37 All TAQ-reporting venues are included with the exception of the trade reporting facility (TRF), where most ATS trades are printed. The TRF is also the reporting destination for other off-exchange trades that would not properly be classified as "lit", such as internalized and preferenced trades. This segregation of TRF trades, and the removal of most ECN trades from the "dark" subsample provides the sharpest possible comparison between lit and dark trades I can construct with the data. However, just as the dark off-exchange sample includes some lit ECN trades, the lit exchange sample also includes some trades that resulted from hidden exchange orders, as well as the trading of ECNs that at the time of my sample printed trades to a registered exchange. Although this comparison is imperfect, I believe the imperfections are not substantial enough to explain the apparent similarity between the sample distributions. Orders Executions also excludes trades of less than 100 shares 39 (which are generally not required to be reported to the consolidated tape), which allows us to make a more precise comparison of trade sizes between the two samples for trades of at least 100 shares. The modal trade size on both lit exchanges and dark ATSs is 100 shares. On lit exchanges, 71.21% of trades reported to the consolidated tape are 100-share round lots. On dark ATSs, the proportion is 69.58%. Very large trades are rare on both dark ATSs and lit exchanges. 0.10% of dark ATS trades and 0.07% of lit exchange trades are for sizes that meet the traditional block definition of 10,000+ shares. Although some dark ATS trading likely results from the shredding of larger orders into smaller units for execution over time, the similarity between lit exchange and dark ATS trade sizes does not appear to support the characterization of dark ATSs as venues specializing in block transactions. Table 4 describes trade size distribution across venues. I focus on the 14 dark venues with ATS market share over 1% of all ATS dollar volume, excluding smaller venues for which one week of data may be inadequate to capture typical trade size distributions. I present the minimum, maximum, median and interquartile range statistics for the percentage of trades within each trade size category by venue. 38 Estimate is based on 2012Q2 Form ATS-R filings to the Commission, and assumes that the proportion of ECN to dark trades for the mixed-type firm (has both a lit and dark ATS) during the sample week is equal to the proportion of ECN to dark dollar volume for that firm during 2012Q2. 39 I exclude data for three securities with ordinary lot sizes other than 100 shares. Generally, these statistics suggest that some venues have distributions that are not similar to lit markets. For example, consider the 100-share order percentage. Here the first-quartile cutoff is 63.77% and the third-quartile cutoff is 71.23% suggesting there is significant clustering of venues around the median of 67.17%. By contrast, the minimum percentage of 100-share orders is 33.63%, revealing that at least one venue typically transacts in different sizes. Examining the statistics for 10,000+ share orders, the first-and third-quartile cutoffs are 0.06% and 0.10% respectively, but the maximum is 20.60%, once again indicating that some venues specialize in different trade sizes. In this case, at least one venue does specialize in larger trades than the typical dark ATS. Statistically, the venue or venues that do not focus on single lot trades must be small; otherwise the aggregate presentation in Figure 2 would reveal a higher proportion of large orders. The analysis in Figure 2 excludes the odd-lot trades of ATSs to facilitate comparison with exchangereported execution data. In Figure 3 , I describe these omitted trades on ATSs. 
V. Probability of a Fill
In this section, I document the proportion of ATS orders that generate at least a partial fill. I also compare fill rates across venues. Table 5 presents statistics on the probability of an order 41 being at least partially filled. On ATSs, the probability of receiving at least a partial fill is 1.11% and 0.69% of shares ordered through ATSs are filled. Fill rates are highest on venues that specialize in large orders. The overall order fill rate 42 for these large-order venues is 1.81% of orders, with 2.76% of ordered shares being filled. Statistics on maximum and minimum venue-level average fill rates are also presented, with three venues excluded due to data identification issues. 43 At the venue level, the maximum average fill rate for orders is 3.17%, and 8.38%
for average percent shares filled. 41 Here an "order" refers to any type of order, either immediate or cancel (IOC) or resting in the ATS. 42 An order is deemed filled if it generates an execution of any size; the second statistic (ordered shares filled) measures the percentage of shares ordered in the venue that are eventually filled. 43 I exclude fills that are not associated with an explicitly flagged ATS order from all fill-rate calculations. I exclude three venues with very high fill rates from the analysis of minimum/maximum venue-level fill rates and interpret the overall fill rates cautiously. See Footnote 14 regarding certain internal transfers that are not mandatory OATS reporting events. 
VI. Cross-Sectional Characteristics of ATS Volume
In this section, I investigate the relation between security characteristics, namely market capitalization levels, price levels, and order and fill characteristics. 45 Although the majority of ATS dollar volume is transacted in large cap stocks, I show that for all NMS stock capitalization levels, at least 10% of trading volume occurs on ATSs. The probability of receiving a fill is generally increasing in market capitalization level and decreasing in share price.
In Table 6 , I present summary statistics of ATS activity by market capitalization and price. I classify NMS stocks by share price groups based on the closing price on the final day of trading in April 2012. I define market capitalization groups as follows:
• Micro Cap: < $500MM
• Small Cap: $500MM -$1 Bln.
• Medium Cap: $1 -10 Bln.
• Large Cap: > $10 Bln.
44 See Footnote 43. 45 See for example Ready (2013) , who examines determinants of trading volume for Nasdaq securities within two
ATSs primarily targeted to institutional order flow (http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1361234).
The proportion of dollar-volume trading occurring on ATSs ranges from 10.00% for micro capitalization stocks to 12.86% for medium capitalization stocks. ATS trading share tends to be higher for stocks with low prices. For example, consider large capitalization stocks; 13.26% of dollar volume for stocks with prices less than $20 per share 46 occurs on ATSs, while 9.58% of volume is executed on ATSs for stocks with prices over $100. This pattern generally holds for other capitalization groups, though the relation is not reliably monotone across price groups. Order sizes for large capitalization stocks tend to be slightly lower than for other capitalization levels, but average fill sizes are similar across market capitalization levels. The probability of receiving a fill is generally increasing in market capitalization level and decreasing in share price. 46 There are no large capitalization securities with share price less than $5 during the sample period. 
VII. ETF Trading on ATSs
In this section, I examine the trading of 1,178 exchange-traded funds (ETFs) on ATSs. Generally, ATSs fill a lower proportion of ETF dollar volume than they fill for other NMS stocks. ETF order and fill sizes on ATSs are larger than those for other stocks.
During the sample week, 27.50% of CRSP-reported dollar volume for NMS stocks is ETF dollar volume, but only 16.85% of dollar volume on ATSs results from ETF trading. As shown in Table 7 , ATSs' share of dollar volume is lower in ETFs than it is in other NMS stocks, 47 with 7.39% of ETF dollar volume (8.49% of share volume) executed on ATSs as opposed to 12.83% of dollar volume (12.80% of share volume) for other NMS stocks. The average ETF order size on an ATS is 899 shares, which is larger than the average order size for other NMS stocks of 249 shares. The associated average aggregate fill sizes respectively are 351 and 222 shares. The probability of at least partial fill on an ATS is lower for ETFs than for other NMS stocks, with only 0.43% of ATS orders for ETFs receiving at least a partial fill compared to 1.28% for other stocks. 
VIII. Conclusion
This study discusses general descriptive statistics on ATSs and reveals a number of empirical facts. First, at the time of the sample, slightly more than half of registered ATSs transacted in NMS stocks, and many 47 The ETF subsample includes 1,178 ETFs. The "Other NMS Stocks" subsample is comprised primarily of stocks, but includes other exchange-traded products as well, primarily exchange-traded notes and closed-end funds. Although ETFs are also exchange-traded products, I view ETFs as characteristically different than exchange-traded notes and closed-end funds and worthy of consideration as an asset class of their own in this analysis due to their substantial contribution to aggregate dollar volume of trading (27.50% of CRSP-reported dollar volume during the sample week).
